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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
stably producing a high-strength hot rolled steel sheet 

good in press formability, particularly, in ductility at a 



low cost. 

SOLUTION: A steel having a compsn. contg., by weight, 
0.03 to 0.2% C, <2% Si, <2.5% Mn, <0.1% P, <0.03% 
Si, 0.01 to 0.1% sol.Al, <0.01% N, <0.2% Ti so as to 
satisfy >0.05% effective Ti content (Ti*), and the balance 
substantial Fe is subjected to continuous casting to form 
into a slab, and immediately after that, rough rolling is 
started and is finished in the temp, range of the Ar3 to 
950°C. Then, the rough bar subjected to the rough 
rolling is subjected to finish rolling at the Ar3 
transformation point or above and is coiled at 550 to 




650°C, where Ti*={Ti-(47.9/14)N-(47.9/3)S}, [7000/ 
{2.75-log(Ti*)(C)}-258-t (heat holding treating time: 
min)]°C<T<[7000/{2.75-log(Ti*)(C)}-273]°C. It is 
reheated to T(°C) and is thereafter subjected to heat 
holding treatment for (t) min. 
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(54) [X9i®«»] y tc«nfcg&##j^«©$«g#*fc 



(57) [Bft] 

[)SR*ia:3 mm% r; c:o.o3— 0.2%, si^2%,Nh^2. 

5X f P^0.156,S^0.03%,sol.Al:0.01 ~0.1X,N£ 0.0156, T 
1:0.2S«T*»Ti« (Ti* ) 0.0»ai, BMtfJdin 

KfflBESfcMttLAr, -950 T!<DiIKi»C»7-r & 

*«U Ar 3 a«L*«±©«Etrtt±CfaEB*ffl\ 55 
0 -650^C^m^o flU Ti* ={Ti-(47.9A4)N-(47. 
9/32)S}, [70OO/{2 . 75-1og(Ti* ) (Q}-258-t(^#fflB$ 
Pal : ^)]°C^T^[7000/{2.75-loq(Ti* )(Q}-223] 0 Cr 
iPL [7000/{2.75-loq(Ti* )(C)}-273yC(D^fi, 




TS (kgf/mm 2 ) 



(2) 



S i <2%t, Mn ^2. 
SO.-0396t..so). 
£ . N ^ 0 . 0 1 % <b , T i 



C : 0. 0 3 — 0. 2%t. 
b%t, P^O. S 
A 1 : 0. 0 1-0. 1% 
0. 2%«T. TIB 



( 1 ) Stc^-TWJcftT il (T i ' ) 0. 0 5%«_h 
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Ar 3 -9 5 0 e C<D^^Uc-C^7-r^>Xfii, 
f±±tfJH££*T^ 5 5 0-6 5 O'CV^MZJLmtZ 

nmmmm*M?TMte. tib (2) <DxmT$>z>ct 



[7 000/(2. 



Ti' - (Ti%- (47. 9/14) XN%- (47. 9/32) XS%} 
• (1) 

[700 0/ {2. 7 5-1 os (Ti' %xC%) } - 2 5 8 - t (ftMkA 
JIKSfR8:#> ] °C^T^ [7000/(2. 75-1 og (Ti" %XC%) } 
-2 2 3 ] -Cr^O, T^ [7 0 00/(2. 75-1 og (Ti* %XC%) 
} - 2 7 3 ] B C<DU&. T CC) $TSftDJ»L//c^ t^OSMI^ifetl 

a - (2) 



,75-log (Ti' %XC%) ) 

-273] °m±o&m$icmmi,tc'&, uEmzwtb 

[gj»*S3] . 3 Nb : 0. 0 

0 5-0. . 1%, V : 0. 0 1- 0.. 1%, B:0. 0 
P- .0.2-0. 0 0 5%, Cu^O. 6%, Ni^O. 6 
%,'MolO. 6%, RtfC r ^ 1 %©»*»6aJRS.ti 

[0 00 1] 

So ''. \" ; * . 

[0 0 0 2 ] .. •• • 

. : [^05^] .^S^ilH*«, «iSfla**-»<5: L/tg 

g-*?n&. ua>t/ -mcmizmmz-m&mtictb 
[ooo3] *3 . m%mmmm*7 ^ a y*> 



^Ti, Nb*«5l*«Voas»a«CJ:0«jfi$tirc^ o 
r*>*. cct, t i . Nb, V^t^^WtilO 

fc^ca*; iKiniisttttruT i , Nb. v*mmmt 



[0 0 0 4 ] 5 fcCtifi^ WAtf«FllflS5 9 - 1 7 7 3 
2 5#&«-W9HBB6 1 - 1 9 7 3 3^Mc^^ 

»M -r £ c £ a> e> v \s x asbis £ & ± $ £ c £ a* - c * 

S8l/t«ffltS«6, *»ir*©HAZ»^jK*R3*i 
E vol. 6 8 (1 98 2) , 1 2 1. 1 MtC^^n 

ig*«i$<z> h a z u<omt* n b c oawsf ate j: o m± 

[0005] 

*iffi£*T i c(DWUBB»jaaw±r»7rn«, 
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[0007] *mw<Dmmz±&<D&5tj:M&&*:mik 

[0 0 0 8 ] 

( i ) xftwowmjjmt, mm%x. c . o. 

0. 2%t, Si^2°/oi, Mn^2. 5%t, 
0. 1%£, S^O. 03%i t sol. Al : 
1-0. \%t. N^O. 0\%t, Ti : 0. 
T. TIB ( 1 ) sWCTn-TWSST i 1 (T i* ) 0. 
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imxu< . x?y'm%k£p<Dxtr-)iaxm 

ttT'tt, tt±tfBBffi©H»ft*r«:li^*T i C^tFTtBL 
r l * c » , i±±tf KMfr b mm * r<D -k * cc*? i >r 

JSJErSta^cftT iC<0«**S*, C<Dffl*WHJ«5#J0 
XftCcrfW KOiB^iao. tfV K<OiS9S«c<»:S8HS* 

[0 0 0 6 ] £tc, S»fBfi£*SJB«:*^«t^tCNb^aS 

Wkl»±C!>*0^:«e>«:N b *J8JP-Lr*J0 , **<DSt* 

Ti" = (T i%- (47. 9/14) 

. .. - < 1 ) 

[7000/(2. 75-log (Ti* %xc%) ) - 2 5 8 - t 
IfB^Pal :'») ] °C^T^ [700 0/ {2. 75-log (Ti" %xC%) } 
-2 2 3 ] CT^o, [7 0 00/(2. 75-log (Ti' %XC%) 
} - 2 7 3 ] V<DU&. T CO *t?»MLm t »H©«(|ft«ffl*lfc-rx 
' M - (2) 

ALfcflL [7000/(2. 7 5-log (T i " % 
xc%) } -2 7 3 ] •C«±<0»K«fcapjfcOfca, II 

fiEHE*Mte-r&ctftw»i-ra, ±ie ( 1 > tcieis© 
[ooio] ( 3 ) xmwm&yjm*. mm% 

T\ S6«C, Nb : 0. 0 0 5-0. 1%, V:0. 0 
1-0. 1%, B : 0. 0002-0. 005%, Cu 40 
£0. 6%. Ni^O. 6%, Mo^O. 6%. RVC 

t < i %<onfrhmvi2tiit i ««±«rd*brc»&c 

i5:tlif^, JbSB < 1 ) Ztctt (2) CCgBSS©^U 
[0011] 

^feJco^^^s^-s/cd^T i zmimotcm 



0 3- 

0. 0 
2%« 
0 5 

7£Ltc&, it%K:fflflES*K»&U Ar 3 -9 5 0°C 

cDafi«r»7-r-5xsi, fflffssn/cffl^-cc*fL 
t\ njn«W8Hi**irxsi, sM&^ssftfcffl^- 
i Ar 3 aaa*tt±coasrf±±cfjE®*fTC\ 55 

0-6 5 0 # CT*R-5IIi4f^ SJJDfS^il^a-r 
XStt. TIB (2) <£Xflr&6C<t£^<LT£, ^ 

[0 00 9] 

XN%- (4 7. 9/3 2) XS%} 



W@«£t»\ ttJ;tfBES**Sl^*»7»{cJWll«cT i 

[0012] t<D*mim-ii* , *§mm\z. t i mm 
[0013] rtj:t>^ % mm&Rtmm&tir 

CcStt^fi»^iS«J»ffi»ifi*3f3£ur boffin X h~C 

[0014] feiTcc*»wcr>0E»«»ns*, 
(i ) 



(4) 

5 

C : 0. 0 3-0. 2% 

C»af5SS{fc^WJa^7C*r*0, S.^CTi, Nb. 

o. 0 3%T&z> o --ft. &m<DcmMt, **tto« 

S<D±KK«0. 2%r&£." 

Si^2% 10 

s i *«nxtt*^tr*c<t&<, 7x7^i:W 

fbU 3fcRi»0Xtt©^7>X*iB<T&fPfli*WT 

att u «c jc i; t « jn-r ^ # r * o • tpr «w k mm 

0. o i%fei±^a*o^. 

[ 0 0 1 5 ] M n ^ 2 . 5 % . 

Jrar^tr**^ ^©mi^2. 5°/o»^iS 

[00 16] P^O. 1 % 

PttlK5S»b{cffl»ft5aRr*S. 1>*>U 0. 1%* 

KttB«caEl/ttC^3&5, H««<b^±OTffl/rr**I 30 
6„ $SiS=iX KDtt*>6«0 . 0 1 ^JH±3MH* b 
[00 17] S^O. 03% 

SttfrfiOJbPfittO. 0 3°/ot^^, o TRtt««:jSlgL 40 
fct>„ ^SA^3^«i'»DXtt*«[ol±rS. 
[0018] sol. Al : 0. 01-0. 1% 

soi. a i mmtTtrnt Lxm^vftfflazm&zi* 

Zitmzmuxtev] sol. Al^Wi^O. 0 1 
1 . A 1 ^WSOTRtteO. 0 1 %T$)^ 0 so 

1. a i $o. \%%MzxmmfcmijQottm&im. 
t*o. i%t*£>&„ 

N ^ 0 . 0 1 % 50 
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6, N^WScD±PRt£0. 0 1°/ot^^ TK»«FCcffl 
Sl&l* h<D«,£>60. 0 0 l%£Lb&* 

T i : 0. 2%fcTF. W3%T ii (T i* ) 0. 0 5% 
&Lk 

flU T i " = (Ti%- (47. 9X14) XN%- 
(4 7. 9/3 2) xs%) 

T i fcttfcNBftT i»KB<b**JBJi!Eb, ffl»**IB*Mb-r 
6<b<L&K:, #rtB^b6C<fcO*S*±»3-&^. C<D$}) 

£fc«>, T i ^SttlSOTIStiWSST it, T i ' 
{ = T.i%- (47. 9/14) XN%- (47. 9/ 
32) x$%) tO. 0 5%r&3 0 £/c, Ti^O. 
2%£j8xT*Js»]bTkT i *&fi{b1»©*l**bOC <fc 0 

Tfc#>T i ^SO±PR« 0 . 2 %~C£>£ 0 
[0019] *»Hjr«, $P>tC, M&v&gRmm 
(DS^CJtCXMiRTumtbX, Nb, V, B, Cu, 
Ni. Mo, R^'C r<D8^65SlR3tiyfc 1 «J£LL£d 

Nb : 0. 005-0. 1% 

MM0. 0 0 5%a±itMW*4. 

0. lK*«AT*»CWiint,T*>, iiMIt©^^ 

?e>tc, Nb^^a^bJBjttti^b-r^^a&a 

V : 0. 0 1-0. 1% 

«rffl»{bCCJ:0aiR%±#S#-5. C®$teH£ 

t>/t6T/c«>vaSJ)PJi<O±R«*0. 1%T&£ 0 
B : 0. 0 0 0 2-0. 0 0 5% 

B«j»pa»ixwF<Ds*(oj5Sfi(* nwu-r ^^ffl^wr 4 c 
a«*gBffi<bo, «S-h#cc«Mrra. c<££& 

B^MSOTRRttO. 00 02%T^> 
S/c, B^rO. 0 0 5%^B^xmmLXh. B6C 

xmMK?2>C±frP>. B«1IPSO±K«0. 0 0 5% 
[0 02 0] 

Cu^O. 6%, Ni^O. 6%. Cr^l% 



(5) 
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3®$J<9C u , N i , Crtt, »R±»a*^tt 
fDlT«t*^/ci(), Cu»l©J:K0. 6%, 
N i aSJJDS©±K« 0 . 6 %, C r aS»Dfi<D±KW 1 % 

[ 0 0 2 1 ] M o £ 0 . 6% 

M o ttK»b«eD»fiSCc J: 0«S±SCcaF^*T Lfr 
[0 0 2 2 ] ±ia©jffi^«fiS«ll«:glsas-r S c t cc«fc 

[7 0 0 0/ {2. 75-1 og (Ti 
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[0 02 3] ( 2 ) iR««SIg 
(2-1) mitDWBfttt 

Phis* Av 3 -9 5 0 # C<D»KiSr»7-rS. 
[0024] fflBEgSn/cffl^'-CCStLrWUDjtt 

l\ 5 5 0-6 5 flU ffl^*-CC*tbr 

Jfe-rSJDJftffiStt. TIB ( 1 ) ©XSr*S. 
[0 02 5] 
%xc%) } - 258 - t (^te 



^) ] °C^T^ [7 0 0 0/{2. 7 5 - 1 o g (T i ' %xC%) } 
-223 ] °CC^o v [7 0 00/{2. 75-1 og (Ti" %xC%) 

) -2 7 3 ]°C<DU&, T CO ^rSMim tM©§»IWl 
8 - ( 1 ) 



»i«:j;o«!aiai«*a!aa<kraK:w, tt±tffflB««: 20 

T i *B*tt«<fcU f±±tfEJ£**Jj:^ESaK:T i 
C «ra*ffltc*f ttJ 3 # £ C i T\ te/SficDJiWMtt: <fc Z>m%L 

b . fflEES©*»Hlfi : A r 3 - 9 5 0 °C 



* C, T i tffajbfcT i rati*; 

fcteCftoTk, *a^^c«Tm«5«SJ»Ult<, TiC£ 
£S@i8£tf£C iterate ffl£Bi»7* 
9 5 0'CtTFi U/c»^tCtt, C, Ti ©IMHM#/h 
2l>/c#>, ^Tto-r^T i C<Dif <YX&/Jn£<, 

7x7^ f^SStfte CO, 
<fc*fc«>, T i Ctf^SfcflrfcHOT ffl'<-W 
tctf-oX, fIEESI©«»iaK«A r a -9 5 0'CW 

So 

TIB ( 1 
[0026] 



5o ££T\ fflES»7iaffi#9 5 0"C£jHA*»^ * 

[7 0 0 0/(2. 7 5 -log (Ti" %XC%) } - 2 5 8 - t 

:^) ]'C^T^ [7 0 0 0/(2. 75-log (Ti* %xc%) } 
- 2 2 3 ] °Cr^o k [7 000/(2. 7 5-l og (Ti* %xC%) 
} - 2 7 3 ] 'C<DU&, T CC) *rWM»Lfc«, t^^MI^H-I 

s • ■ ( 1 ) 

T i »»6C<fc0«»»t*BI*«^. T i C 
»S-l*«5ii2*3&i*-6. 1>#>U aSSDl/ZcT i CD— SMS* 
ffiE@»(cs^RjB6c J: 0 TiCi brflX^aiLr 

tftr$<DmmMmzm\ i±±^Kmum^^xT i 

B8MCT i C*»*fflCcWffi3#^i*2*^**. 
[0 0 2 7 ] C<D®**tf *fc«>, ffl^<-«ftfl»fflJK(D 
TRSW. [70.00/ (2. 75-log (Ti* %x 

c%; } - 2 5 8 - t (mmsmmm ■ ft) ] °cr^ 50 



[7 0 00/(2. 7 5-log (Ti' %xc 
%) } - 2 7 3 ] e cr&& 0 
[0 0 2 8] ti^-s»*«»©«^ji"era«»tcffl^ 

. ffl^-HMflfiOTR* [7 0 0 0/(2. 7 
5-log (Ti* %xc%) } -2 5 8 -t (U»M 
ft) ] 'Ct&TZ&ZC t&XZ LfrL. 
J*-* 1 SftZMz-XUMlsXh, TiC 



(6) 



1 0-2 8 0 05 0 
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[0029] — [70 00/ (2. 7 5 -1 og 
(T i " %XC%) } -2 2 3 ] •C£jH*Tfl^--*H 

«©tt±WBBB, t»0tt©7*9^ h«4t£fc;*£<fr 

M»»K<D Ji^K £ tt 5 Kin * h CDilflD* i 5 . 
Ud^t, ffl^-»aB»jBfl[©±IBtt [7 0 0 0/ 
{2. 7 5-1 og (Ti" %xc%) } - 2 2 3] 'C 10 

d . tt±W r iRS : A r 3 &«S«± 

9 0 0'C*±H^l»^ft*HJ(|3&«|Htt{b"r*fc«>, 
fkCCtt^jpJiftS. X-oT. 9 0 0 # CHT^»*U^ 
[0 0 3 0 ] e. MSI : 5 50-6 50'C *20 
[700 0/(2. 7 5 -log (Ti 



uxsnxma*. ffl*wtH«5#*-f F©iajSiter>wti 

#2££T£/ctf\ ttKfiKO±R»6 5 0°Cr&£ o - 

«9MSffi3&S5 5 0 •C*T@ &ii^tc«: v T i 
C<Dffi»iifi^fiTO. T i C#*#rfcHUlt< &Sfc«>, 
WUL/*(r>H*Ti3&s3SffT*ciK:tt»5, Btt#±# 

(2-2) Am2®aUB&ff* 

U JSR»jS«:J:0X7^<tO/ca. [7 0 0 0/ 
{2. 75-log (Ti' %xc%)) - 2 7 3] "C 

9 5 O'COaKWCJftT'T*. 

[0 0 3 M fflffi^$ti/cffl^«-«:*forwija» 

Ar 3 ^m^±C0Sjerf±±Cfffi^^f 
l\ 5 5 0-6 5 0'Crii5(^ o {BU ffl^-ccfctor 

mmmmfm\t. te(d coxmx&z. 

[0 03 2] 

' %xc%) } -2 5 8 - t (SSW* 



SB$W : #) ] °C^T^ [7 0 0 0/ {2. 75~ 1 og ( T i " %xC%) } 
-2 2 3 ] °Cr^o, [7000/(2. 7 5 -log (Ti* %xc%) 
} - 2 7 3 ] T CO ^rSMU/dl, t^0M^l?:teTI 

e • • ( i ) 



cfc'JX^iL/dg, [7000/(2. 75-log 

(Ti* %xc%) } - 2 7 3 ] 'm±<Dumm^iMm 
l x &em z m feirz. gnu/cii^^ zr cc l /cfs , 

■r*£*3&***» ccr\ ^9^aw»ii*©ait3fjj, [7 

0 0 0/(2. 75-log (Ti" %xc%) } - 2 
7 3 ] 'CZTte&m^tcte. m^tcffi&LtcT i c^n 

&t i c&mmzazMmm-e&Zo utc^x, » 
m l tern z &mm& £ <t 9 x ^ l m& s [7000 

/{2. 7 5-log (Ti* %xC%) } - 273] 

•c«±rx^^j»j»orta^:T i c*mm&2&tc<D 40 

t* [7 0 0 0/ (2. 7 5 -log (Ti'%xC 

%) } - 1 2 3 ] cn^&xTjJDf&OTkx 

[0 0 3 3.] b . mK.m<om*M& 

c. m^-mummm 

d. tt±tfSK 

»»l<D«^fl=<tH«. 50 



»»wc j: 0 &mm& znzb <ox 

[0 03 4] 

[Xim] « 1 «c«^b*B«**r«ii 

(MI:No. 1-2 9, 3 1, 3 2, l:k«»:N 
o. 3 0) *IiItgSl/cilX7^?:ffll^ H2 

«J¥2. 5mm^WTS«*3l«(vfc : N 

o. 1-5, 9-1 1, 17-22, 2 7-2 9*5^0* 
Wj:No. 6-8, 1 2- 1 6, 2 3-26, 3 0 
-3 2), I2«:«.. J IS Z 2 24 HCl^<^| 
5SK»©*S* (YP. TS, El. TSXE I ) b£t> 

[oo35iii fcm—vw&^T ttmimn o . 

1-8CDTS (giKMfi) (c*5j:«-rajE®»7iafiO 
*»iINo, l-8^)Ar 3 J«S8*tt7 

9 o°cr^>^ 0 tefiEiso*iiaa^An<oftB<DA r 

3 XKh* ( 7 9 O'C) -9 5 0 •C-T****9i« (N 
o. 1-5) (DTSte63. 2-65. 2 k g f /mm 
2 <DU^;Uc*tU ***!8©jBH^-C*S9 5 0*C^r± 
®2>l\MW (No. 7, 8 ) ©»£*A r , «JBj*«rT 
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MZtmW (N o. 6) complete. TS#5 7. 9 k 

gf/mm 1 ^rt^<i&rt^> 0 &tt s S2cc^rr 

#J(No. 1-5) ©EI (f*0*) tt, 2 6. 0-2 

XE ltttfl 6 5 9— 1 7 1 1 <tfr&©K:*tU 
©■SH*»tiSlt»a«l (No. 6-8) <DTSxE lffi 
«1 55 9-1 6 0 4t^l 5£Jg£{*C>'©^>X# 
*£<f£TlT&o oSfK: % H3CCH— 

mino. 9-1 eoTSfcfejca-rti^-wwfca 

S©R»*ijVr. **981BNo. 9 - 1 6 KUrrffl^- 

-WWKkflttOftHtt. [700 0/ {2. 75-1 o 
8 (T i ' %xc%) ) - 2 5 8] [ 7 00 0/ 
{2. 75-log (Ti* °/oXC%) } - 22 3 ] B C 
<t«9. 1 1 55-1 1 90°Cr&£ o 

[0 03 6] ia^<-w*nl*«K^*»w©«Hr*** 

fMBffl(No. 9- 1 1 ) <DTStS6 2. 3-6 2. 5 
kgf/mm 2 <DU-^;UC>tfU ##&IE©«H*1-"C* £ 
1 1 55X;£T@&J±*£0tf (No. 12-1 4) 

*>1 1 9 GXJ£±[5|£Jt«0« (No. 15, 16)Oi 
TS»6 1. 5kgf/mm 2 OTi*#<fi 

*»M<D«Hr*S**IBffl (No. 9-11) ©El 
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